The present study compared infant-directed speech (IDS) and adult-directed speech (ADS) for two mothers of preverbal infants. Each mother participated in two recording sessions, one with her child, and one with an adult friend. The primary objective of the study was to determine the influence of exaggerated utterance-final syllable lengthening on the rate of IDS. A secondary objective was to compare the rate of speech read to infants with the rate of spontaneous IDS. The results showed an overall slower rate of speech in IDS to preverbal infants compared with ADS, replicating previous research. However, when the utterance-final syllable was excluded from the calculation of rate, the rate of speech in spontaneous IDS and ADS did not differ significantly. Speech was read to infants at a slower rate than spontaneous IDS. Implications for future research are suggested.
INTRODUCTION
Adults often modify their speech when talking to infants, a speech style which researchers have referred to as 'motherese' (Garnica, 1977; Fernald & Simon, 1984; Grieser & Kuhl, 1988; Fernald & Mazzie, 1991) . The current paper focuses on one characteristic of 'motherese,' the rate of infant-directed speech (IDS) in comparison with adult-directed speech (ADS). Research has shown rate of speech to be slower in IDS than ADS (e.g. Swanson et al., 1992 , Albin & Echols, 1996 , Bernstein Ratner, 1985 , 1996 . In Bernstein Ratner's (1985) study, mothers' overall spontaneous speech rate to their children was slower in IDS compared with ADS by almost 25% (184 wpm for ADS, compared with 138 wpm for IDS), although individual segment durations were not different. Comparing speech in read and spoken texts, Morgan (1986) stated that mothers' rate of speech was slower in spontaneous speech than read text, although presented no measurements. In recent studies by Shute & Wheldall (1999 , 2001 , fathers and grandmothers took longer to read a passage to children than to adults, although speaking rate was not specifically determined nor compared with that of spontaneous speech.
The slower rate of IDS has often been attributed to the overall lengthening of stressed syllables, whatever their utterance position (Swanson, Leonard & Gandour, 1992; Albin & Echols, 1996; Bernstein Ratner, 1996) . However, there could be another explanation for the slower rate of speech of IDS. Utterances are consistently shorter in IDS than in ADS (Fernald & Simon, 1984) and the length of the final word tends to be exaggerated (Albin & Echols, 1996; Bernstein Ratner, 1996) . The oft-noted slower rate of IDS may simply reflect the presence of extra -long final syllables in very short utterances. As suggested early on by Oller (1973) , any study concerned with speaking rate needs to take final-syllable lengthening into account. The current study set out to compare ADS and IDS in terms of the utterance-final syllable and the remainder of the utterance, in order to determine the particular impact of the exaggerated final syllable on speaking rate. The following discussion outlines previous findings on ADS and IDS with respect to speaking rate and phrase-final lengthening and implications for language acquisition.
In English ADS, prosodic changes such as pausing, pitch changes, and vowel lengthening have been shown to occur at utterance boundaries and even at within-utterance phrase boundaries (Cooper & Paccia-Cooper, 1980) . Syllables that end utterances, clauses, and phrases tend to be lengthened relative to syllables elsewhere in utterances (Cooper & Sorensen, 1981) . As noted above, several researchers have found phrase-final lengthening to be more exaggerated in IDS compared with ADS (Morgan, 1986; Swanson et al., 1992; Albin & Echols, 1996; Bernstein Ratner, 1996) . Different explanations have been put forward for the exaggeration of various prosodic cues in IDS. One hypothesis ('prosodic bootstrapping') suggests that exaggerated prosodic cues may provide language learners with segmentation information that can serve as a basis for syntactic category development (Morgan, 1986; Kemler Nelson, Hirsh-Pasek, Jusczyk, & Wright Cassidy, 1989; Gerken, Jusczyk & Mandel, 1994; Fernald & McRoberts, 1996; Shi, Morgan & Allopenna, 1998) . Because long pauses in IDS are nearly always at the ends of utterances (Broen, 1972; Fernald & Simon, 1984) , the exaggerated lengthening of the pre-pausal syllable may serve as an accentuated cue to grammatical boundaries. Another hypothesis suggests that the exaggerated prosodic cues may serve as an implicit word teaching strategy. Woodward and Aslin (1990) hypothesized that mothers have tacit knowledge that infants can better attend to and remember words placed in utterance-final position. In word teaching studies by Woodward and Aslin (1990) and Fernald and Mazzie (1991) , mothers consistently placed target words in utterance-final position in IDS, whereas in ADS, positioning of target words was variable.
Currently, it is unclear whether exaggerated prepausal lengthening in IDS serves as a cue to grammatical phrase segmentation or to word segmentation or both. Differences in design of the various studies have perhaps contributed to the alternative findings and explanations. The following section outlines results of pertinent studies in terms of the various ages of infant addressees for both spontaneous and read speech samples, and in terms of the different phrasal positions of the measured words or syllables. Various interpretations of the impact of exaggerated prosodic cues on rate of speech in IDS are discussed.
Studies of spontaneous English IDS to preverbal infants have consistently shown exaggerated utterance-final lengthening. For example, in Bernstein Ratner's (1986) study of IDS to preverbal children aged 9 to 13 months, utterance-final vowels in IDS were almost twice as long as those in ADS. Albin and Echols (1996) observed exaggerated utterance-final lengthening in spontaneous IDS to young preverbal infants (6 to 9 months), even for unstressed utterance-final syllables.
Results have differed across studies of older children, however. These differences may reflect the type of speech samples used. Bernstein Ratner (1985 Ratner ( , 1986 found a general decrease in utterance-final lengthening in spontaneous IDS from the one-word to the two-word phase of development; by the time children combined words, utterance-final lengthening in IDS was much more similar to that observed in ADS. These findings contrast with those of Morgan (1986) and Swanson et al. (1992) , who found exaggerated utterance-final lengthening in IDS to older verbal toddlers and preschoolers when mothers were reading prepared texts.
Results regarding exaggerated lengthening in IDS compared with ADS have also diverged regarding position of stressed syllables in the utterance, and again may reflect type of speech sample used. In Bernstein Ratner's (1985 Ratner's ( , 1986 ) studies using spontaneous speech, there was no main effect of addressee on the duration of utterance-medial, phrase-final, stressed syllable durations. Durations of utterance-medial phrase-final syllables remained almost constant across all groups of child and adult listeners. When using prepared read texts, however, Swanson et al. (1992) found exaggerated lengthening in utterance-medial, phrasefinal position. In their study, the increase in phrase-final lengthening in IDS was, on average, 11.8 ms longer than phrase-final lengthening in ADS. Using prepared read texts, Morgan also reported that phrase-final target word durations were significantly longer in IDS than in ADS. However, only three of the seven phrase-final target words in the mothers' IDS showed exaggerated lengthening in IDS as compared with ADS.
In summary, the results outlined above have differed depending on the age of the addressee, phrasal position, and the type of speech sample (read versus spontaneous). In studies with younger infants, exaggerated utterance-final lengthening has been found in spontaneous IDS. With older children, only the studies using read texts have shown exaggerated lengthening of stressed syllables, independent of phrasal position. Generally, rate of speech appears slower in IDS when compared with ADS, although rate in read texts may differ from rate in spontaneous speech. The source of the slower rate of IDS in spontaneous speech is unclear.
The present study was constructed to address questions arising from the literature regarding the interaction of rate and utterance-final lengthening in IDS to preverbal infants, and the effect of speech sample type (read versus spontaneous speech). The first objective was to determine whether and to what extent the slower rate of speech in IDS might be a result of exaggerated utterancefinal syllable lengthening. The second objective was to determine whether the rate of speech read to infants was slower or faster than that of spontaneous IDS. We chose to examine speech directed to preverbal infants, because infants even as young as 6 to 9 months have shown perceptual sensitivity to utterance-boundary pauses and preboundary syllable lengthening, particularly in IDS (e.g., Kemler Nelson, et al., 1989) .
METHOD
Participants Two mothers, their infants, and two adult female friends participated in the study. Small n studies may limit the generalizability of results but do allow for larger data samples and more in-depth analyses of individual data. The adults were speakers of standard Canadian English, and were both middle -class Caucasians in their early 30's. The infants were firstborn preverbal males, aged 8.5 months and 11 months.
Each mother participated in two 45-minute audio recording sessions, the first with her child, and the second with her friend. The recording sessions with the motherchild dyads were made in the mother's home an hour after the infant had awoken. To provide some consistency between the conversational contexts, the investigator brought children's toys and books to the sessions. Each mother was instructed to interact with her child as naturally as possible, and to read the books to her child at some convenient point. The recording sessions with the adult female friend were held at the home of the friend without any children present. The adults were instructed to have a natural conversation. The mothers were instructed to read the same children's books to the friend at some point in the conversation and to do so as they might to an adult. For all four recordings the investigator was nearby but not in the same room. Audio recordings were made using a Marantz tape recorder model number PMD420, a VHF wireless receiver and transmitter, and a Lavalier microphone that was clipped to the mother's collar.
Transcription and data selection procedures
For the current study, an utterance was defined acoustically as a section of speech bounded by pauses greater than 300 ms (following Jaffe & Feldstein, 1970, and Simon, 1984) . Because the final syllable of many longer English words is short and unstressed, only utterances ending in monosyllabic stressed words were used, in order to be able to observe utterance-final lengthening more easily (following Bernstein Ratner, 1985 Morgan, 1986; Swanson et al., 1992) . A total of 413 utterances ending in stressed monosyllabic words were identified for analysis, and coded as spontaneous or read. The first and second authors made independent orthographic transcriptions of the utterances, and agreed on over 99% of the words. Table 1 shows a breakdown of the number of utterances per participant, addressee, and condition.
From the audiotapes each selected utterance was digitized at 22.050 kHz (16 bits) using the SoundEdit 16 version 2 program (1996) on a Macintosh computer. Individual soundfiles (AAIF) were created for each utterance. For each soundfile, Macquirer version 6.0 (2000) was used to produce a spectrogram of the waveform, with a bandwidth of 344 Hz and a frequency range of 6000 Hz. Because an utterance was defined acoustically as a section of speech bound by pauses greater than 300 ms, there were no between-utterance segmentation difficulties. 
Measurements of duration
Two measurements of duration (in milliseconds) were made for each selected utterance: the total utterance time and the duration of the final stressed syllable. Segmentation decisions for durational measurements were made using the waveform and the spectrogram, according to the following criteria. Over 90% of the utterances began with a voiced segment; in these cases, onset of phonation was a reliable cue to the beginning of the utterance. For the few utterances with initial voiceless fricatives (e.g. she, should, shall, so, see), frication noise on both the waveform and the spectrogram was taken to mark the beginning point. The cues for the onsets of voiceless stops could not be reliably determined in the data and therefore the onset of vowel phonation was used as the beginning point.
Determining the end of the utterance proved more difficult. For fricatives, the spectrogram was used to determine cessation of frication. To determine the terminal boundary of a stop, the first step was to establish the presence or absence of a release burst by identifying frication on the waveform and the spectrogram. The cessation of frication on the spectrogram was taken as the indication of the terminal boundary for voiced stops with a voiced release (e.g. crib, ride, dog, etc.) and voiceless stops with a voiceless release burst (e.g. flap, boat, think , etc.). For unreleased voiceless stops in which there was no frication, the point of closure for the stop was used to mark the terminal boundary for the syllable (e.g. night, milk , etc.). The cessation of pitch pulses on the waveform was taken as the indication of the terminal boundary for unreleased voiced stops (e.g. bed, egg, etc.) and other voiced segments (except for voiced fricatives).
The delineation of successive syllables was challenging because of co-articulatory effects between segments. In many instances the transitions between segments occurring at syllable boundaries had overlapping cues, making segmentation difficult. Criteria for syllable segmentation were derived from Fant (1962) , in which phonemes are broken down into successive sound segments. The beginning point of co-articulation was consistently clearer than the ending point, especially for formant transitions, and was thus considered the syllable boundary. Where either the same segment or two acoustically indistinguishable segments occurred at syllable boundaries (e.g. her-ROOM, that-can, etc.), the total time of the two segments was halved, and that halfway point delineated as the syllable boundary.
Ten utterances were selected randomly from each audiotape and measured three times each over a three-month period by the first author. The mean error for utterance onsets was 3.4 ms (range = 0-6 ms), for unstressed syllables it was 9.7 ms (range = 0-19 ms), and for utterance endings it was 20.6 ms (range = 3-37 ms). For 10 randomly selected utterances, the fourth author confirmed consistent use of the above procedures through independent measurement. The first author consulted with the fourth author if there was any doubt a bout measurement decisions; the measurement agreed upon by both coders was taken in these cases.
Calculation of rate
Rate of speech was calculated in syllables per second. Pauses over 300 ms were excluded following studies such as Fernald & Simon (1984) . Calculating rate in this way eliminated possible confounding differences in length and frequency of between-utterance pauses in IDS compared with ADS. Two measurements were made. For Rate 1, the number of syllables for each utterance was divided by the utterance's total duration. In order to determine the influence of the exaggerated utterance-final syllable on rate, a second calculation was made excluding the final stressed syllable. Rate 2 was computed by dividing the total number of syllables minus one in each utterance by the total utterance duration minus the final syllable duration.
RESULTS
Results are given for (a) durations of stressed utterance-final monosyllables in ADS and IDS, and (b) speech rates in ADS and IDS, including and excluding the utterance-final syllables. Comparisons are made for spontaneous and read text samples. Table 2 lists the mean durations and standard deviations (in milliseconds) of the utterance-final stressed syllables for each participant.
Duration of utterance-final syllables in ADS and IDS
In spontaneous ADS, the duration of the utterancefinal stressed syllable was similar for both participants. It was longer for each participant in IDS compared to ADS, although Participant 1 showed greater utterance-final syllable lengthening in IDS than did Participant 2. The ADS-IDS difference was significant for both participants: Note. ADS = adult-directed speech; IDS = infant-directed speech; S = spontaneous; R = read texts.
Rate of speech
Two different calculations of speech rate were made for both spontaneous and read speech across addressee conditions as described above. Spontaneous speech rates were slower in IDS than in ADS for both participants. (See Table 3 and Figure 1 .)
The Rate 1 differences between spontaneous IDS and ADS were significant for both participants: F(1,167) = 45.31, p<0.01 for Participant 1; F(1,168) These results differed from rate of speech in read texts. The rate of speech that was read to the infants was slower than the rate of spontaneous IDS for both participants. This was the case in both the Rate 1 and 2 calculations (see T able 3): Rate 1 --F(1,114) 
DISCUSSION
The results of the present study for IDS showed exaggerated lengthening of the utterance-final syllable and an overall slower rate of speech in IDS compared to ADS. These two results replicate previous research findings with preverbal infants, but using both spontaneous and read texts.
The first objective was to determine whether and to what extent the slower rate of speech in IDS might be a result of exaggerated utterance-final syllable lengthening. The present study indicates that the slower rate of IDS appears to be a product of extra-long final syllables occurring in very short utterances. When the final syllable was excluded from the calculation, the rate of spontaneous speech for the earlier portion of the IDS utterances was not significantly different from the rate of speech in ADS. The articulation rate of the syllables in utterances preceding the final syllable was similar in IDS and ADS.
The second objective of the current study was to determine whether the rate of spontaneous and read IDS might differ. For the two mothers, read IDS was slower than spontaneous IDS and in this case the utterance-final syllable was not solely responsible for the slower rate of speech. Comparisons with previous studies are outlined below, and implications for future research suggested.
Duration of utterance-final syllable vs remainder of utterance
The mean utterance-final syllable duration was significantly longer in IDS than in ADS for both participants in the present study. These results generally replicate earlier studies on utterance-final syllables in IDS with preverbal infants (Bernstein Ratner, 1986; Albin & Echols, 1996) . However, the rate of articulation of the syllables preceding the final syllable was found to be similar in spontaneous IDS and ADS, a finding which has not been previously reported. Bernstein Ratner (1985) had noted that the 'global rate adjustment [in IDS] did not translate directly into longer segmental durations' (Bernstein Ratner, 1985: 262) but offered no explanation for the overall slower rate. The present study suggests that the overall slower rate is in large part due to the occurrence of extra-long final syllables in typically short utterances. This differs from previous interpretations, which suggest that the slower rate of IDS was due to the overall lengthening of stressed syllables regardless of phrasal position (Morgan, 1986; Swanson et al., 1992; Albin & Echols, 1996; Bernstein Ratner, 1996) .
'Prosodic bootstrapping' versus word teaching strategies?
The advocates of the prosodic bootstrapping hypothesis suggest that the more extreme pre-pausal lengthening in IDS compared to ADS may serve as an accentuated acoustic marker of utterance boundaries (1984) , and serve as a cue to grammatical categories. An alternative hypothesis suggests that pre-pausal lengthening may be used to attract the infants' attention as a way to teach new words. In this study, it was only the utterance-final syllable in spontaneous IDS that showed exaggerated lengthening. It is not clear how a syntactic category could be inferred from a single extra-long syllable, especially when the rest of the utterance is articulated at the same rate as an utterance in ADS. Considering the preverbal stage of the infants in this study, the exaggerated lengthening may have served as a more general attentional cue and/or as a specific grammatical bootstrapping cue. More research is needed to compare spontaneous IDS to infants at early versus later developmental phases, and to relate it to actual language perception, comprehension and production..
Rate of speech in spontaneous IDS and the issue of pauses
Earlier studies from the 1970s comparing rate of speech in IDS and ADS were calculated in words per minute. Between-utterance pauses were not excluded from these calculations of rate. However, the between-utterance pauses would account for some of the slower rate of speech in IDS compared to ADS because in IDS pauses are longer and more frequent (Garnica, 1977; Fernald & Simon, 1984; Grieser & Kuhl, 1988; Fernald & Mazzie, 1991) . Studies in the 1980s, as in the present study, calculated the rate of speech in syllables per second excluding pauses over 300ms (e.g. Fernald & Simon, 1984) . This calculation is a more accurate depiction of the rate of articulation because the confounding difference in length and frequency of betweenutterance pauses in IDS compared to ADS has been eliminated. However, differences due to length and frequency of the utterance-final syllable in IDS compared to ADS are still confounded. Perhaps a more accurate portrayal of the rate of articulation in IDS compared to ADS would involve a calculation of rate in which both the betweenutterance pauses and the duration of the final syllable are excluded, a possibility for future research.
Read text versus spontaneous speech
Morgan commented that IDS samples from prepared read texts appeared to have a faster rate of speech than spontaneous IDS, although he provided no instrumental measurements to support that claim (1986: 121) . In the current study, acoustical measures revealed that read text was slower overall than spontaneous speech in IDS. Other methodological differences between the current study and that of Morgan (1986) may also have led to different results, for example, age of child addressee, number of participants, and type of read text. The children in Morgan's (1986) study were verbal and older than the preverbal children in this study (2 and 4 years of age compared with 8 1/2-and 11 months of age). The results of the present study are more in line with those of Bernstein Ratner (1985) , who found exaggerated utterance-final lengthening in spontaneous IDS to preverbal infants but not to older verbal toddlers. In terms of number of participants, the present study only included two mothers, compared with 34 in the Morgan (1986) study.
The particular adults in this study may have had slower oral reading rates. The type of read text may also have been relevant. Both studies used stories, but in the Morgan study (1986) experimentally designed sentences were embedded within the story. In the current study, the books were typical children's books.
For read texts, even when the utterance-final syllable was excluded from rate calculations, speech rate in IDS remained significantly slower than spontaneous IDS. Thus, syllables preceding the utterance-final syllable were also lengthened. The slower rate of the syllables preceding the final syllable in the read speech can be attributed to longer segmental durations in read IDS compared with spontaneous IDS. These results are consistent with the observed overall exaggerated lengthening of stressed syllables (phrase-final and non-phrase-final) in studies of read IDS (Morgan, 1986; Swanson et al., 1992) . These researchers proposed that the observed vowel lengthening was due to the addressee condition; i.e., that the speech was IDS versus ADS. Morgan stated: 'Thus, as expected, the slower speech rate evident in child-directed speech is due in part to the lengthening of at least stressed vowels in content words ' (1986: 118) . The syllable-level analysis of the utterances in the present study does not examine the specific lengths of particular types of segments, and thus supports only a syllable -level interpretation of data, with evidence of syllable lengthening in utterance-medial content words but only in speech that is read to infants and not in spontaneous IDS. Both Morgan (1986) and Swanson et al. (1992) acknowledged that the read speech in their studies might not be fully representative of spontaneous speech. However, neither discussed the possibility that the type of speech (read vs spontaneous) might be the source of the differences in utterance-medial vowel durations and the related differences in rate that they previously observed. Further research comparing speech rates of read and spontaneous IDS and ADS is required to resolve this apparent confound. In addition, these findings could also have implications for infant word recognition research, which typically use read texts as experimental stimuli.
No study has used spontaneous IDS as stimuli. It might be necessary for future infant speech segmentation research to focus on infants' word segmentation for spontaneous IDS in comparison with read IDS.
CONCLUSIONS
The present study showed exaggerated lengthening of the utterance-final syllable and an overall slower rate of speech in IDS compared to ADS. The utterance-final lengthening was solely responsible for the slower rate of spontaneous IDS compared with ADS, but was only partially responsible for the slower rate of read text in IDS compared to spontaneous IDS. Previous researchers have suggested that the exaggerated prosodic cues of IDS accentuate syntactic boundaries and are indirect evidence for prosodic bootstrapping. However, these suggestions have been based primarily on observed acoustic properties of mother's reading of prepared texts to verbal children (Morgan, 1986; Swanson et al., 1992) . Research using spontaneous speech has found less exaggerated utterancefinal lengthening in speech to children at the one-word phase and negligible exaggeration in speech to children at the two-word phase (Bernstein Ratner, 1986) This study, like others to preverbal infants, found exaggerated utterance-final syllable lengthening in spontaneous IDS to preverbal infants, but no lengthening of non-utterance-final syllables, suggesting that the duration cue for utterance boundary is indeed more reliable in ID than AD spontaneous speech. Further cross-linguistic research is needed with children at different ages, and with both spontaneous and prepared text samples, to resolve some of the conflicts in the literature. In addition, in order to understand the function of the various exaggerated cues of IDS, studies need to include data from the children in the mother-child dyads.
